SUMMARY: p63 is a p53-related gene that encodes for multiple mRNA transcripts with or without (⌬N-p63) transactivating properties on p53-responsive genes. We evaluated for the first time the prevalence and clinical implications of p63 immunoreactivity (IR) and mRNA expression in laryngeal squamous cell carcinomas (LSCCs). Moreover, we also assessed the relationships between p63 expression and p53 gene status. p63 IR was detectable in the basal cell layers of non-neoplastic epithelium and in the whole thickness of dysplastic epithelium. All the 150 LSCCs analyzed were immunoreactive for p63, with 28 (18.7%) cases showing p63 IR in Յ50% of neoplastic cells. ⌬N-p63 mRNA transcripts were detected in all the 23 tumors analyzed, whereas TA-p63 mRNA transcripts were absent in 5 (21.7%) cases. p53 gene mutations were found in 24 (29.2%) of the 82 cases analyzed and p53 IR was found in 58 (53.7%) of the 108 cases analyzed; neither was associated with p63 IR. No significant association was found between p63 IR and patients' survival. Interestingly, down-regulation of TA-p63 mRNA levels was more prevalent in patients with T3-T4 tumors and advanced clinical stage. Although the risk of death for cancer was higher in these patients (40% versus 16.6%), this difference did not reach statistical significance. Our results suggest that abnormal expression of p63 may be involved in the early phases of laryngeal tumorigenesis irrespective of p53 gene status and that TA-p63 mRNA down-regulation, but not p63 IR, may be clinically relevant in patients with LSCC. (Lab Invest 2002, 82:1327-1334.
p63/p73L/p51/p40/CUSP/KET is a recently cloned p53-related gene mapping to chromosome 3q27-29, which shares structural and functional homologies with the p53 family of transcription factors. Accordingly, p63 is capable of binding DNA, transactivating p53-responsive genes, and inducing apoptosis (Levrero et al, 2000) . At variance with p53, p63 codes for multiple mRNA transcripts under two different promoters and via three alternative splicing modalities of the C-terminal ends. In particular, TA-p63␣, ␤, and ␥ have transactivating properties, whereas ⌬N-p63␣, ␤, and ␥ lack the NH 2 -terminal transactivation domain and function as dominant negative proteins, capable of blocking the activities of the full-length homologs (Yang et al, 1998) .
p63 does not seem to play a major role as a tumor suppressor gene, because it is rarely mutated in primary tumors (Nishi et al, 1999; Sunahara et al, 1999; Tani et al, 1999) and in cancer cell lines (Hagiwara et al, 1999) . Nevertheless, p63 mRNA and/or protein are overexpressed in a variety of human neoplasms as a result of gene amplification (Barbareschi et al, 2001; Glickman et al, 2001; Hibi et al, 2000; Park et al, 2000; Wang et al, 2001 ). p40 (a p63 isoform lacking the N-terminal transactivation domain) is tumorigenic when transfected into rat fibroblasts . These data strongly suggest that p63 gene aberrations may be involved in human tumorigenesis.
Given that p63 gene aberrations are common in squamous cell carcinomas arising in the head and neck region Yamaguchi et al, 2000) , we evaluated the prevalence and clinical implications of p63 immunoreactivity (IR) and mRNA expression in a cohort of patients with laryngeal squamous cell carcinomas (LSCCs). Moreover, we also assessed the relationships between p63 expression and p53 gene status. Our results document that abnormal expression of p63 may be involved in the early phases of laryngeal tumorigenesis irrespective of p53 gene status and suggest that TA-p63 mRNA down-regulation, but not p63 IR, may be clinically relevant in patients with LSCC.
Results

p63 IR and mRNA Expression
In normal laryngeal mucosa, nuclear IR for p63 was detectable in the basal and suprabasal layers of the epithelium and in myoepithelial cells of the seromucinous glands (Fig. 1A) . In laryngeal intraepithelial neoplasia (LIN) p63 IR was no longer restricted to the basal cell layers, being detectable throughout the full thickness of the dysplastic epithelium (Fig. 1B) .
p63 immunostaining was detected in the neoplastic cells of all the 150 LSCCs analyzed, with a percentage of immunoreactive cells ranging from 10% to 98% (mean 78.2 Ϯ 20.8%, median 88.5%) (Fig. 1, C and D) .
In particular, 28 (18.7%) cases showed nuclear IR in Յ50% of neoplastic cells and 122 (81.3%) showed nuclear IR in Ͼ50%. In the 10 cases investigated for both p63 and p40 IR, no differences in immunostaining were detected either in normal and dysplastic mucosa or in invasive carcinoma (Fig. 1, E to H) .
TA-p63 and ⌬N-p63 mRNA expression were analyzed in 23 (15.3%) LSCCs and in 4 samples of non-neoplastic mucosa. ⌬N-p63 mRNA transcripts were detected in all the tumors analyzed, whereas TA-p63 mRNA transcripts were absent in five (21.7%) cases (Fig. 2) . Three of the latter cases showed p63 IR in Ͼ50% of the neoplastic cells and one (KL52) showed a p53 gene missense mutation in codon 245.
Figure 1.
Examples of the immunohistochemical results. Immunoreactivity for p63 is restricted to the basal and suprabasal layers in normal laryngeal epithelium (A), whereas it is detectable throughout the full thickness of the dysplastic epithelium (B). C and D, Two different cases of laryngeal squamous cell carcinoma (LSCC) diffusely immunoreactive for p63. Serial sections of dysplastic mucosa (E and F) and invasive carcinoma (G and H) immunostained with the anti-p63 (left) and p40 (right) antibodies document colocalization of p40 and p63 antigens. Original magnification, ϫ250; hematoxylin counterstain.
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All the samples of non-neoplastic mucosa showed high levels of both TA-p63 and ⌬N-p63 mRNA expression (Fig. 2) .
Correlations Between p63 Expression and p53 Gene Status
Abnormally migrating bands after PCR/single-strand conformation polymorphism (SSCP) experiments were identified in 24 (29.2%) of the 82 cases analyzed. p53 gene mutations had been previously investigated in 18 LSSCs included in the current series (Pruneri et al, 1996) . In particular, there were nine mutations in exon 5, four in exon 6, six in exon 7, and five in exon 8. Twenty-one mutated genes showed single-base substitutions, two insertions, and one deletion (Table  1) . Fourteen (58.3%) mutations mapped to the DNA binding domain necessary for the physiologic activity of p53 as a tumor suppressor. In particular, nine mutations occurred in the large loop L2 (residues and five mutations in the loop L3 (residues 236 -251). Point mutations included 10 transitions and 11 transversions, with the GϾT transversion being the most common mutational event (33%).
Nuclear IR for p53 had been previously analyzed in 108 (72%) cases included in the present series and was found in 58 (53.7%) cases (Pruneri et al, 1998) . No associations were documented between p63 IR and p53 protein accumulation (p ϭ 0.844) or gene mutations (p ϭ 0.754), either in the whole series of cases (Table 2) or when only the tumors carrying mutations in the transactivating domain were taken into account.
Clinicopathologic Correlates and Prognostic Implications of p63 and p53 Abnormalities
Among the clinicopathologic characteristics analyzed, low (Յ50%) IR for p63 was associated at a borderline level of statistical significance with the pattern of tumor growth (p ϭ 0.066) and alcohol consumption (p ϭ 0.059) ( Table 3) .
At univariate analyses, anatomic site (p ϭ 0.0013), lymph node metastases (p ϭ 0.0147), tumor extension (p ϭ 0.0016), clinical stage (p ϭ 0.0013), tobacco use (p ϭ 0.0015), and alcohol consumption (p ϭ 0.0217) were significantly associated with tumor recurrence. At multivariate analysis, tumor extension (p ϭ 0.0319), anatomic site (p ϭ 0.0088), and tobacco use (p ϭ 0.0240) were the only significant independent predictors of disease free-survival.
Anatomic site (p ϭ 0.0109), tumor extension (p ϭ 0.0052), clinical stage (p ϭ 0.0014), tobacco use (p ϭ 0.0138) and, at a borderline level of statistical significance, alcohol consumption (p ϭ 0.0539) were associated with reduced overall survival. The Cox proportional hazards model, including all the clinicopathologic variables that were significant at univariate analysis, showed that clinical stage (p ϭ 0.0165), tobacco use (p ϭ 0.0428) and, at a borderline level of statistical significance, anatomic site (p ϭ 0.0662) were the only independent covariates.
There was no correlation between p63 IR and disease-free (p ϭ 0.5017) or overall survival (p ϭ 0.3491), although patients with high (Ͼ50%) p63 IR were at greater risk for tumor recurrence and death than patients with low (Յ50%) p63 IR (35.2% versus 28.6% and 31.2% versus 25%, respectively) ( Table 4 ). In the subset of 23 patients analyzed by RT-PCR, down-regulation of TA-p63 mRNA levels was more prevalent in patients with T3-T4 tumors and advanced clinical stage, at a borderline level of statistical significance (p ϭ 0.0783 and p ϭ 0.0662). Although the risk of death for cancer was higher in these patients (40% versus 16.6%), this difference did not reach statistical significance (p ϭ 0.3689).
No statistical difference in overall survival was found between the patients with mutated and wild-type p53 gene (62.5% versus 63.3%, p ϭ 1.000). Patients with p53 gene mutations showed a higher probability of tumor recurrence (50%) than those with wild-type p53 (40%), although this difference did not reach statistical significance (p ϭ 0.468).
Discussion
In this study, we have investigated p63 expression in a homogeneous and well-characterized series of patients with LSCCs. p63 plays a pivotal role in ectodermal differentiation, as demonstrated by the fact that p63 knockout mice show major defects in their limb, craniofacial, and epithelial development (Mills et al, 1999; Yang et al, 1999) . We document TA-p63 and ⌬N-p63 expression in all the samples of normal laryngeal mucosa, where it is restricted to the basal and suprabasal epithelial cell layers. Similar findings have been recently reported in oral (Nylander et al, 2000) and esophageal (Suliman et al, 2001 ) epithelia. Because transactivating and truncated p63 isoforms show opposite effects in regulating proapoptotic and differentiating genes, such as p21 and bax (Irwin and Kaelin, 2001) , these data suggest that the process of epithelial differentiation at these sites depends on a dynamic balance between TA-p63 and ⌬N-p63 isoforms.
We found a very high prevalence of p63 IR in LSCC, in keeping with recent data in pulmonary squamous cell carcinoma (Pelosi et al, 2002) . Interestingly, the 3q27-29 chromosomal region, where p63 is located, is the most frequently overrepresented genomic locus in head and neck cancer (Speicher et al, 1995) , and most of the head and neck carcinomas show amplification of the p40/p51/p63 locus by fluorescence in situ hybridization analysis Yamaguchi et al, 2000) . Taken together, these data suggest that an abnormal status and expression of the p63 gene may play a pivotal role in the multiple stage model of laryngeal tumorigenesis, although data concerning p63 abnormalities in preinvasive lesions are still lacking. The accumulation of p63 immunoreactive cells in laryngeal intraepithelial neoplasia allows for speculation that p63 gene abnormalities may be involved in the very early steps of laryngeal cancer development, in a similar manner as for p53.
We also evaluated the clinical implications of p63 deregulation in patients with laryngeal carcinomas, showing a greater probability (although without attaining statistical significance) of tumor recurrence and death in patients with higher p63 IR. Similar results have been recently reported in patients with pulmonary squamous cell carcinoma (Pelosi et al, 2002) , emphasizing that p63 IR has minimal, if any, clinical relevance in these settings. It has been suggested that the biologic effects of p63 depend (Park et al, 2000) . ⌬N-p63 isoforms act as a dominant-negative factor on G1 cell-cycle arrest and apoptosis (Yang et al, 1998) ; accordingly, their relative increase may confer a growth advantage to the tumor cells. Downregulated TA-p63 expression has been associated with a higher risk of tumor recurrence and death in bladder carcinoma patients (Park et al, 2000) , whereas in the current series it correlated with an advanced tumor stage at a borderline level of statistical significance. Although the rate of death for cancer was higher in patients with LSCC who had down-regulated TA-p63, this difference did not reach statistical significance, possibly because of the small number of patients analyzed.
There is evidence that some mutant forms of p53 are capable of down-regulating p63 in vitro through a direct interaction with the p53 core domain (Gaiddon et al, 2001 ). We did not find any relationship between p53 gene status or protein accumulation and p63 expression, either in the whole series of patients or taking into account only patients with mutations in the p53 transactivating domain. Likewise, Hibi et al (2000) reported that p40 amplification and p53 gene mutations occur simultaneously in most of the pulmonary squamous cell carcinomas. Taken together, these data suggest that p53 and p63 gene abnormalities occur independently in human tumors and are not mutually exclusive.
Patients and Methods
Patients and Tissues
One-hundred fifty patients were included in the current study, according to the following criteria: no history of previous malignancies, primary squamous cell carcinoma of the larynx only, no previous radiotherapy or chemotherapy, and complete surgical excision of the tumor by means of partial (69 patients, 46%) or total laryngectomy (81 patients, 54%). There were 144 (96%) men, with a mean age of 61.5 Ϯ 9.52 (range, 33-81; median, 62) years. All of the patients had been exposed to risk factors such as tobacco use and/or alcohol consumption. They were grouped into three classes on the basis of the number of packyears of smoking (0 -19, 20 -45, and Ͼ45): 47 (31.3%) patients had smoked 0 -19 pack-years; 54 (36%) patients, 20 -45 pack-years; and 49 (32.7%) patients, Ͼ45 pack-years. Seventy-five (50%) patients were classified as heavy drinkers (Ն7 drinks per day, one drink corresponding to 150 ml of wine or 30 ml of hard liquor), and 75 (50%) as moderate (Ͻ7 drinks per day/nondrinkers).
The clinical staging and identification of the anatomical site of the tumors were based on the UICC (1987) TNM Classification of Malignant Tumors: 80 (53.3%) were supraglottic and 70 (46.7%) glottic. Thirty-eight (25.3%) were in Stage I, 39 (26%) in Stage II, 31 (20.7%) in Stage III, and 42 (28%) in Stage IV. Diagnosis and assessment of the grade of differentiation of the tumors showed that there were 26 welldifferentiated (G1, 17.3%), 74 moderately differentiated (G2, 49.4%), and 50 poorly differentiated (G3, 33.3%) squamous cell carcinomas (Shanmugaratnam and Sobin, 1987) .
The follow-up of the patients ranged from 4 to 128 (mean, 86 Ϯ 57.7; median, 76) months. During the follow-up period, 51 (34%) patients had tumor relapse, 45 (30%) died because of the disease, and 9 (6%) died for unrelated causes. Of the 96 surviving patients, 89 (92.7%) were free of disease, and 7 (7.3%) were alive with disease.
For all patients, samples of the invasive tumors and of adjacent normal mucosa and/or laryngeal intraepithelial neoplasia (LIN1-3) were retrieved from the surgical pathology files of the 1st Department of Otolaryngology, Ospedale Maggiore, and of the Department of Pathology and Laboratory Medicine of the European Institute of Oncology, University of Milan School of Medicine. Frozen tissue samples of invasive carcinoma and non-neoplastic mucosa were also available in 82 and 4 cases, respectively. Written informed consent was obtained from each patient included in the study.
Immunohistochemistry
The immunohistochemical experiments were performed on 4-m-thick formalin-fixed and paraffinembedded tissue sections by means of the avidinbiotin peroxidase complex method using 3,3'-diaminobenzidine tetrahydrochloride chromogen (Pruneri et al, 2000) . The sections were immunostained using the 4A4 mAb (courtesy of Dr. Jon Askaa, DAKO A/S, Glostrup, Denmark), which recognizes both the transactivating and the truncated p63 isoforms, at a working dilution of 2 l/ml. In 10 (6.6%) cases, samples of LSCC, LIN, and normal mucosa were also immunostained with the anti-p40 Ab-1 polyclonal antibody (Oncogene Science, Boston, Massachusetts), specifically recognizing only the truncated isoforms of p63 , at a working dilution of 1:16,000. In each case of LSCC, at least 500 neoplastic cells were evaluated at ϫ400 magnification, and the percentage of immunoreactive cells was recorded. Control sections for specificity included known positive control tissues (myoepithelial cells of the breast for p63, Barbareschi et al, 2001 ; and infiltrating duct carcinoma of the breast for p40, according to the manufacturer's recommendations) and staining of serial sections of the test cases with an unrelated isotypic mouse monoclonal antibody (for p63) and normal rabbit serum (for p40), at the same working dilution, as negative controls.
RT-PCR Analysis
Total cellular RNA was isolated from frozen tissue samples of 23 LSSCs, using theTRIzol reagent (Invitrogen Corporation, Carlsbad, California), according to the manufacturer's instructions. One microgram of RNA was reverse transcribed with random examers. In four of these cases, samples of uninvolved mucosa were also analyzed. In all the cases, hematoxylin and eosin-stained slides were evaluated before and after mRNA extraction to ensure for the presence of tumor and non-neoplastic epithelium in the tissue used for reverse transcription. To check for the integrity of the obtained cDNA, the samples were first amplified for a 511-bp ␤-actin sequence, using the specific primers BACT-2284F and BACT-3000R (5'-GAAATCGTGC-GTGACATTAGG-3' and 5'-CTAGAAGCATTTGCGG-TGGA-3') as previously reported (Manzotti et al, 2000) . The samples were then amplified for the TA-p63 and ⌬N-p63 isotypes using specific primers recognizing the ␣, ␤, and ␥ isoforms (TA-p63 forward: TGTATC-CGCATGCAGGACT, reverse: CTGTGTTATAGGGA-CTGGTGGAC; ⌬N-p63 forward: GAAAACAATGC-CCAGACTCAA, reverse: TGCGCGTGGTCTGTGTTA). The primers spanned an intron to exclude annealing to genomic DNA, and the expected length of the amplified sequences was 126 and 125 bp for TA-p63 and ⌬N-p63, respectively. Briefly, 2 l of cDNA were amplified in 50 l of 1ϫ PCR buffer II, 1.5 mM MgCl 2 (Applied Biosystems, Foster City, California), 200 M dNTPs (Pharmacia, Uppsala, Sweden), 0.5 M of each primer, and 0.025 U/l AmpliTaq DNA Polymerase (Applied Biosystems). The PCR conditions were the same for the two p63 mRNA isotypes: denaturation at 94°C for 30 seconds, annealing at 54°C for 30 seconds, and extension at 72°C for 30 seconds, for a total of 35 cycles. The PCR products were analyzed on a 2% agarose gel, stained with ethidium bromide.
PCR/SSCP and Sequencing Experiments for p53 Gene Mutations
PCR/SSCP and sequencing analyses for assessing p53 gene status were performed in 82 cases (Neri et al, 1993) . Exons 5 to 8 of the p53 gene were separately amplified using specific oligonucleotide primers. Briefly, PCR was performed using 100 ng of genomic DNA, 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1 mM MgCl 2 , 100 M of each of the dNTPs, 0.25 U Taq DNA Polymerase, and 10 pmol of each primer, in a final volume of 25 l. Thirty cycles of denaturation (15 seconds at 94°C), annealing (1 minute at 65°C for exons 5, 6, or 7 and at 58°C for exon 8), and extension (1 minute at 72°C) were performed. Ten microliters of the reaction mixture was mixed with equal volume of a denaturing stop solution. Samples were heated at 95°C for 5 minutes, chilled on ice, and immediately loaded onto a 6% acrylamide-TBE gel. The samples were run at 6 to 8 watts constant power for 14 hours at room temperature. The detection was performed by the silver staining method. PCR products showing an aberrant migration pattern were directly sequenced in both directions using the 5' and 3' primers used for the PCR/SSCP analysis. The DNA fragments were purified by means of agarose gel extraction and sequenced using the Big Dye Terminator Sequencing Kit in an ABI Prism 310 automated sequencer (Perkin Elmer Cetus, Norwalk, Connecticut).
Statistical Analysis
Descriptive statistics were calculated with their 95% confidence intervals. The associations between the clinicopathologic features and p63 IR were evaluated by means of the 2 test with Yates' correction and the 2 test for trend in the case of ordinal variables. The prognostic relevance of the patients' baseline characteristics to disease-free survival and overall mortality (death caused by cancer and other causes) were assessed by means of survival analysis based on the Kaplan-Meier product limit estimate of the cumulative probability survival function. The follow-up of the patients was truncated at 13 years (with more than 20% of the starting sample cases still at risk), to obtain satisfactorily precise probability estimates. The prognostic relevance of p63 IR was assessed using two classes (Յ50 and Ͼ50%). The other investigated prognostic factors were classified as follows: age at diagnosis: Յ60 years and Ͼ60 years; smoking exposure: 0 -19, 20 -45, and Ͼ45 pack-years; alcohol consumption: Ն7 drinks per day and Ͻ7 drinks per day/nondrinkers; histologic grade: G1, G2, and G3; lymph node metastasis: presence and absence; tumor extension: T1-T2 and T3-T4; and clinical stage: I-II and III-IV. The disease-free and overall survival functions of the different classes of investigated variables were compared using the log-rank test. In the case of ordinal variables, in addition to the overall log-rank statistic, the pertinent test for trend was also made. Multivariate analyses of overall and disease-free survival was made using the proportional hazard Cox's model according to a backward procedure.
